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- HEADQUARTERS o
b . QUARTERMASTER RESEARCH 8 ENGINEERING COMMAND, US ARMY
- '»' S OPFICE OF THE COMMANDENS GENIRAL

NATICK, MASSACHUSLY TS

Major General Andrev T. McNamare
The Quartermaster General
Mashington 25, D. C.

Dear General McNamara:

This report, "The Use of Short Wave Ultra-Violet Reys for the
Segregation of Comningled Skeletal Remsins,™ discusses one of the
prcblems often confrontiig the identification specialist: sorting
individual skeletons from mixed burials.

Tha report describes the reactions of cadaver and archaeclogical
skeletal material to ultra-violet irradiation and evaluaies these
reactions as a means for separating comingled skeletal remains.
Athough tals method will not differentiate between individuals in aldl
cases, the simplicity of the apraratus required and the speed of reso-
Jution make it a valuable adjunct to routine field operations. It
represents another tool in the Quarteramaster Corps effort to achieve
better identification of the Army's war dead.

Sincerely yours,

1 Iod - :C. (‘Jéﬂﬂﬂ ;
. MeJor General, USA
Commanding .
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The identification specialist is often confronted with RN ST
human skeletal remains that comprise two or more individuals, B T
By using a combination of standard techniques, such as articu- o T T T T
lation, bilateral and serial symmstry, osteometry, and recon— RN P
struction, he may achleve accurate segregation after long und I PR
careful anelysis., As a part of the Quartermaster Corps research - i
program to improve present identification techniques, as well . .-,_,.. o
as to devise new methodology for the identification of Americam o T 1
war dead, the present study describes and evaluates a fast and Coo T T
simple test for sorting individual remains from mixed burials. ~
\
Based on the reaction of bone to ultra-violet irradiatiom, :
this report suggests that individual color differences may be
used to segregate comingled skeletal remains, either as a
primary technique or as a supplement to present methods,
AUSTIN HENSCHEL, Ph.D,
Chief
Envirormental Protection Research
Division
Approveds
e CARL L. WHITNEY, Lt Colonsl, QC o
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Abstract

When bone surfaces are exposed to short wave ultra-

" violet iirradiatisn, most of them reflect a varioty of

colors. The wide range of color cmission, as well as the
fixed relationship of these colors to the substarces that

“emit them, is justification for attempting to apply these

qualities to the segregation of commingled skeletal remairs.

After demonstrations of the results of ultra-vioclet
exposure on a large sample of skeletal material, it is
suggested that short wave ultra-viclet lamps can be used
in cectain instances for the accurata sorting of comsaingled
remains,
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THE USE OF SHORT WAVE ULTRA-VIOLET RAYS FOR
THE SEGREGATION OF COMMINGIZD STILETAL REMAINS

1. introductiom

Ultra-violet rays have a useful rroperty which depends mn
the power possessed by certain substances to absorb them and
emit or re-emit radiations wvisible to the human eye within the
relatively narrow ultra-violet region. When this emissiom
phenomenon lasts only during the period of excitation, it is
known as fluorcscence and usually results from the simplest

fora of exposure,

Many substances, both inorganic and organic, fluoresce
under ultra-violet irradiation and vay be identified by their
characteristic colors, For example, mineralogists and petrolo-
gists have long used ultra-violet snurces to detect the presence
of various minerals. Calcites fluoresce red to violet, fluoritea
show up as red specks, hydrocarbons are yellow, and uranium is
green (Radley and Grant, 1954). This same prucedure has beem
exzployed by medical diagnosticians whio can identify certain
animal tissues by their colers, Fatty tiasues generally fluo-
resce a strong blnish color, thyroid is reddish, xid the pancreas
a brown-ysllow (Dake, 1942). The more compact the tissus, the
stronger is its fluorescence, thus, tendon flucresces more than
zuscle, and bone has a still brighter flucrescence, Bone fluo-
rescence is usually whitish with an occasional yellowish cast,
Howmver, bone altered by disease, burning, or decalcificatiom
may show changes in fluorescence (Hoshijina, 1933).

Because of these knovy color changes ir the fluorescence
of bune and the Quality of fluoreascing substances to emit charac—
teristic calors, the presert investigation was made, This report

will describe and evaluate the use of ulira violet jrradiation
on cadaver and arrhaeclogical bine as a means for segregating

comeingled sweletal rezains,

2. HMaterialy and mettods

To insure a complete coverags of ultra-violet activity,
the bone saxples used for the present investigation had to
represelqs different geographical areas, raclal groups, skeletal
age groups, chronological horizons, both sexes, and varying
stages of decozposition, Access to the exteusive skeletal col-
lection houstd in the U.S. Nalional Museum was of great assist-
ance in meeling these criteria. Thus, the sample included sperei-
mens from many parts of the world (eight areas of the United
States, Alaska, Peru, Patagomia, Japan, China, Phillippines,
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Russia, Iraq, Palestine, Egypt, Italy, Germany, Sweden, and
Ireland) and six racial groups (Caucazoid, Mongoloid, American
Indian, Ainu, Negroid, and Neanderthal®),

Most skeletal age groups were rerressarted (from fetal to
aiult spscimens) and both male and ferale rvmains were used
when avai'able, The bone samples were coxzpletely skeletoriized
and included fairly recent cadaver rezains (Huntingtom collect~
ton, sce sect.5e), 13 well as archaeolcgical material dating from
the wmiddle l/ti. ¢entury A,D, back to apcroximately 40,000 years
Blc.

All skeletal materia) was expose?, under varylng conditions,
to a portable ultra-violet light (2537 angsirom units).

3. Ruwge of color

Under the ultra-violet lamp, the ringe of colors emanating
from most of the bone surfaces was surjrisingly wide, inciuding
varying shaules of red, orange,yellow, gSreen, blue, purple, and
brown,

a., Cadaver material

Most cadaver bone emitled a white, pale y2liow, or light
green flucrescence, especially from tae shafts of the long
bones and the flat surfaces of the otzer skeletal meambers, On
zany of thesa bones, light blue, noa-{luorescent spots appeared
on the areas of articsulation, Paired cadaver humeri exhibited
equal color inlensities as well as sizilar color patterning,
e.8.,the patterns of light blue spots were approximately the
same for both right and left bones, There sceexed to be no
distinguishable color or pattern differences bLetween the sexes
or racial pgroups,

b, Archaecologisal material

The color range for archaeologicil aaterial was much more
varied. For example, bones from Illindis were reddish-purple,
from Egypt, yellow-brown, and from Failestine, pink, For the
most part, bleached bones from Japan and Peru showed no fluo~
rescence or color reflectance. In same cases, slight shadings
of blue could be detected; this was protakbly where bleaching
was not complete,

* The Neanderthal material consistel of iong bonu fragasnts
from Shanidar Cave, Iraq.

r

a

.
T
v

L
>
.7 Pt
.
. ™.
s -
N d
_' - ‘-
S
SR
R ~ T
[ |
4 R
' .
v )
[
- - P
T . . ‘\.:
) .
AR
\.'»_.
R

v...,l .vl.

N |
-
-
e
p
—d

i
s »

Y

v

.

s
PR
L
Tl



-~

Le Sourres of color

Before the jrcblem of segregation is considered, it might
ta well to point out some of the kncwn sources for the calor seen
under ultra-violet irradiation, Generally, these sources may be
clasaified as flucrescence and reflected light,

e Fluorescence

Fluorestence accounts for most of the color radistion seem
in bone. The ultra-viclet rays excite certain organic elenents,
(e.g., organic fa?) which in turn fiuoresce (Dake, 1942). Thus,
the radiated color is directly related to the elements present am
the bons surfaces, DBlending with or sometimes completely over—
shadowing the fluorescenie of organic constituents are inorganie
impurities which iy be introduced to the Lone surfaces from the
surrounding environoent. For example, tiw burial of huxan reuains
usually starts a variety of cheaical ‘nteractiocns between the bone
and its burial environment which axy add a nusber of inorganie
substances to the bone surfaecs, all emtting their omn charac—
teristic color patternt (see s=ct., 1,.%

Two simple experiments were parformed to demonstrate Ue
importance of surface contmination to color emission, First,
a small portim of the surface area of a clavicle (archaeological),
which radiated reddish-purple under the ultra-viclet lacp, was
scvaped with a sharp knife. Placed under the ultra-violet lamp,
this scraped area was a yellowish-white and showed no trace of
reddish-purple, Secondly, =small amounts of soil with a high
Calcium content were rutbed into the surfaces of fresh calaver
bons until - unter daylight conditions - all wisibla soil traces
had disappeared, 3Sefcre this application, under ultra-vioclet ex~
posure ,the cadaver bone had demonstrated only a whitish fluo-
rescence, After applicatica, unier ultra violet exposure the
rubbed areas were blue,

b, Reflected light

Although a zajerity cf the ulira-viciet ryy> are absorbed by
the bone surface 3 certain percentage which saries de;ending om
the condition of the tone 1s reflerted back. This reflected blue
light (blue because of the hlue filter used in the ultra-violet
scurce) zay be gmeat enough to completely cloak low levels of
L crgmic or incrgarac flucrescerce. or it may merel; blend with
b that of the fluorescing rTubstances

o * lActually, this reacticn is one of replacement (fossilizatiom)

wn which eorganic elemerts are replaced by inorganie., Studies
hav, stown that scme of the crganic constituents of bone are

more slowly leat or replaced than cthers, For example, certain
aaino acids have been identifiea in bones of great archaeological
age (Ezra and Cook, 1757 and Abelson, 1757).
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To semmarize:~ the visible rndiation seen under ultra-violet
exposure cannot be jdentified as solely bone fluorescence, but
represents a combination of:1) the fluorescence of organic sub-
stances, 2) the fluorescence of variable quantities of wineral
substauces introduced to the bone surfaces from the extermal en-
virunment, and 3) the 1eflected blue filter color of the ultra-
violet source,

Se Segregation of camingled remains

Samples of mixed ckeletal resains were exposed to ultra-
violet irradiation to test the suitability of this method for
ider. ification, The samples ranged frun mixed ossuary material
(from a n@ber of archaeclogical sites) and single burials te
cadaver bone in varying stages of decomposition. Euch saxple
was exposed to short wave ultra-violet rays and sorting of indi-
viduals was attempted solely on the basis of .color differences,
The folluwing examples 1llustrate the general range of results,

a, Yirginia ossuary

The material fram this ossuary was all from the sase pit
ad repres-nted three individuals, The bones were exireneiy fria-
ble and fragmented., Unler the ultra-violet laap, the bones decamg
a dappled pink and slight shade differences between bones were
apparent, However. positive segregation of individual skeletons
Yased on these shalding differences was not feasible,

be Woodruf! ossusry, Kansas

Thrae burials in which bone duplications wers fourd were ex~
posed to ultra-violet irradiation,Exposura produced red. ;urple
ard yellow cocbinations, and 1t was fairly essy to distinguish and
segregate the extra bones from the three burials, Howsver, mixed
fetal reaains from a single burlal could ro? be differentiatel by
color alome,

€e Two Illinois burials froa adjolning countiey (Calhoim

and Jarnﬂ.

Both burials were complets and came froz approximately the
same tyje of sojl, Under ultra viclet expcsure, all tone surfaces
appeared reddish-blue but differences in color shading betwen
burials made accurate segregation possible, It was found that shadink
differences are not iredliately noticeable bhut are detectadle after
the bome has been cxposed for approximately 30 seconds., This delay
may be due to normal visual adaptation or may be connected in some
way to the function of the exciting process of the rays,
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4. Material from Pact ..amae, Peru
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This saxple consisted of parts of three burials from the
sane archieological site in Peru, Ultra-violet exposure
produced distinct coler differences (Fige 1) and the sorting
of individual remsins was succesafully performed,

- —

a4, Mixed cadaver material

f ¢

The cadaver material for this investization was sslected
frcm the Huntington collection; this collection vas started
arcund 1905 and has been periodically enlsrged. In most cases, -—
sezregation of individual bones was accoxriished by observing
tle color differences as well as the derth and shade of calor,
Aso, in cadaver bone, the color is usua’ly spotty and forms
‘ccxplex patterns {see sect, 3a). Thus, in a mixture of paired
heri, the bones belenging to some individuals were differ-
ertiated on the basis of color similarity, while in cases where AR
color differences could not be detected, sortirg was done Ly rler
matching sizilar patterms of color. - @ [ 4
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The abova tests have shown instances »here aegregaﬁon ) P UASLR

+ra-violet irradiaticn was easxly acceeplished, either tirough e

, ctserved color differences or, as in soze of the calaver material, N NN

h Ty Deans of color patterning, In other cases, differentiation RN
. w¥is impossible, Cerlor differences weie either not present or '

Teo . not great enough to be relied upen for ideztificatico purposes,

S It is difficult to evaluste these results in the Jranti-
e . tative terms usually aprlied to the introduction of nev method-
e ' olsgy. Because of the =any vardadles influencing the radiant
n elezents of a bone, st iny given time, froz any given place, 1t

wald be meanin.,less to tabalate the pe-centages of the suc-
cesses and failures in the pres.nt investigatiom,

. To sumrarize:- the results indicaie that witra-violet
L irradiaticn can be used in some"cases tr zid in the sortirg of
’ ' zixed skeleial remains. This technigue as two distinet ad-
T vintazes over the standird methods of segregzaticn (articulatiom,
- tilaterai and serial symetry, osteometry, =tc.). First, it is
o fast, The process of chservatiom :ad segrezation can be ac-—
L cozplished in a matter of seconds, Secand, it is sizle, The

‘ ineestigator can tell at the moment of expoyure Mimtler his
. efforts will be successful, He sees either distinct and dramatic
°® cclor differences or undifferentiated ur:fommity,
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6. Sumary and conclusions

The present study was initiated for the purposes of describing
the reactions of varicus stages of post-mortem bone to ultra-violet
irradiation and to evaluats these reactions in-terms ol their use
as a tool for the segregation of commingled skeletal remains.

A knowledge of the range of color produced by ultra-violet
exposure was obtained from bone samples (both archaeological and
cadaver) that represented various geographical areas, differemt
racial and skeletal age groups, distinct chronological horiszons,
and both sexss. A wide range of color, which included most colors
in the visible spectrum, was demonstrated,

Based oa this wide color range of irradiated bone and on the
evidence that most colers are consistent in characterizing the
particular substances that emit them, tests were undertaken oa
commingled bome samples to demonstrate the possibility of segre-
gating individuals by means of color differences, The results
showed that in a majority of cases, the sorting of individual
reaains on the basis of differences in observed color was easily
accomplished, This was true for both archaeological and cadaver
renains, Moreover, for cadaver remains where color differences
corld not be detected, segregation was done by observing the
similarities of color pstterns,

Althougk it is not possible to render quantitative predictions
or probability values from this ultra-violet analysis, the study
has demonstrated that shen other techniques for the segregation
of comxingled skeletal remains have failed, short wave ultra~
violet irradfation is a possible supplement,
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Figute 1. The divtol ends of three humeri from Pucheocomac,

Peru, thowing color ditferences wndes uitre-vielet expesvre.
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DEPARTMENT OF THE ARMY
U.S. ARMY SOLDIER SYSTEMS COMMAND
NATICK RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
NATICK, MA

:f—:'é;-r& o 01760-5020

Defense Technical Information Center
ATTN: DTIC-OCQ (Mr. Bill Bush)
8725 John J. Kingman Raod, Suite 0944
Ft. Belvoir, VA 22060-6218

20 Tuly 1998

Dear Mr. Bush,

At the request of Ms. Patti Bremner, Soldier Systems Command Technical Library,
I have reviewed the following technical report: “The Use of Short Wave Ultra-violet Rays
for the Segregation of Commingled Skeletal Remains”, dated August, 1958, AD 202 754,
and referenced as Technical Report EP-98, Environmental Protection Research Division,
Quartermaster Research & Engineering Center, Natick, Massachusetts.

The above report currently carries a limitation code #2, which restricts its
dissemination to government agencies and their contractors. After reviewing TR EP 98, I
believe the restriction on distribution is long outdated, and recommend that the distribution

code be changed to permit #limited distribution.

Should you have any questions regarding this letter, or any of the Army’s past or
present anthropology publications from Natick, please feel free to contact me directly at

DSN 256-5429.

Sincerely Yours,

CLAIRE C. GORDON, Ph.D.
Senior Anthropologist
Science & Technology Directorate
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